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ABSTRACT
The s c a l e  m ethod f o r  d e te rm in in g  ag es  o f  s i l v e r  p e rc h  was 
v a l id a te d *  Ages w ere  d e te rm in e d  from  a  sam ple o f  3^-1 s i l v e r  p e rc h  
o b ta in e d  from  Ju n e  th ro u g h  O c to b e r , 1970; in  lo w e r  C hesapeake Bay and 
i t s  t r i b u t a r i e s .  O nly  age  g ro u p s  0 , I ,  I I ,  and  I I I  w ere fo u n d . -Mean 
c a l c u l a t e d  le n g th s  a t  t im e  o f  fo rm a tio n  o f  a n n u l i  f o r  m ales  w ere 3.27 
mm, 156 mm, and 190 mm f o r  ag es  I ,  I I ,  and  I I I  r e s p e c t i v e l y .  Fem ales 
•grew s l i g h t l y  f a s t e r ,  c a l c u l a t e d  le n g th s  b e in g  132 mm, 16b mm, and
189 mm.
The s c a l e  r a d iu s - b o d y •le n g th  r e l a t i o n s h i p  was l i n e a r .  No 
s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  b e tw een  s e x e s ,  so  t h e  d a ta  w ere p o o le d  
and  y ie ld e d  th e  f o l lo w in g  r e g r e s s io n  e q u a t io n :  Y = 2 6 .9  + O.i+X,
r  = 0 .9*  The w e i g h t - t o t a l  l e n g th  r e g r e s s io n  e q u a t io n  f o r  s i l v e r  p e rc h  
was Log W ~ - 5 .0  + 3 .1  Log L. A g a in  no d i f f e r e n c e  e x i s t e d  b e tw een  
se x e s  and  th e  d a ta  w ere  p o o le d .
v i i
IKTBOl/J CTIOW
The s i l v e r  p e rc h  ( B a i r d l e l l a  c h ry s u ra  I»acepede) n o rm a lly  ra n g e s  
from  New Y ork to  Texas (H ild e b ra n d  and S c h ro e d e r , 1 9 2 8 ) and  s t r a y s  
n o r th  t o  C o n n e c tic u t  (M erri:nan; 19^7)*  T h is  s c i& e n id  o c c u rs  i n  
C hesapeake Hay and i t s  t r i b u t a r i e s  fro m  May th ro u g h  November and spawns 
d u r in g  May and Ju n e  ( io .ld e b ra u d  and C eh ro ed e r, I .928) .  A sp e c ts  o f th e  
l i f e  h i s t o r y  and  dev elo p m en t o f  th e  s i l v e r  p e rc h  w ere  r e c o rd e d  by 
K untz (.1913 )* W elsh and B re d e r  (1 9 2 --'), and H ild e b ra n d  and C ab le  ( 1 9 3 0 ).
The p u rp o s es  o f  t h i s  s tu d y  w ere  t o  v a l i d a t e  s c a l e  m ark in g s  as  
i n d i c a t o r s  o f  age  and  g ro w th  c h a r a c t e r i s t i c s  o f s i l v e r  p e rc h  i n  
C hesapeake Bay and i t s  t r i b u t a r i e s  and  t o  d e te rm in e  r e l a t i o n s h i p s '  o f  
body l e n g th  t o  w e ig h t and o f  s c a l e  r a d iu s  t o  body l e n g th .  A g e-g ro w th  
d a ta  i s  n e c e ssa ry , t o  u n d e rs ta n d  th e  l i f e  h i s t o r y  o f . f i s h e s ,  b u t  th e  
a g e -g ro w th  in f o r m a t io n  p r e s e n te d  by W elsh and B re d e r  (1 9 2 U) and 
H ild e b ra n d  and C ab le  (l$>30) was n o t v a l i d a t e d .
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MATERIALS ALD METHODS
Most sp ec im ens w ere  c a u g h t w ith  an  u n l in e d  3 0 - f t  s e m i-b a l lo o n  
o t t e r  t r a w l  (1 .2 5  In c h  cod end m esh ), b u t  some young -were ta k e n  i n  a  
50- f t  b e a c h  s e in e  ( .2 5  in c h  m esh ). M ost f i s h  w ere  c o l l e c t e d  from  th e  
Jam es, Y ork, and R appahannock r i v e r s ;  a  few  w ere  ta k e n  from  th e  
C hesapeake Bay, th e  Ware R iv e r ,  and th e  P larikatahk . R iv e r .  The sam p lin g  
p e r io d  was from. June  th ro u g h  O c to b e r , 1970*
S c a le s  w ere ta k e n  from  th e  m id l in e  o f  t h e  body j u s t  p o s t e r i o r  t o  
th e  i n s e r t i o n  o f  th e  p e c t o r a l  f i i u  .F iv e  u n re g e n e ra te d  s c a le s  o f  
u n ifo rm  s i z e  and  sh ap e  w ere  m ounted on c e l l u l o s e  a c e t a t e  s h e e t s ,  and 
im p r e s s io n s  w ere  made by  p r e s s i n g  th e  m ounted s c a l e s  a t  2 2 ,0 0 0  p s i  f o r  
tw o m in u te s  on a  C a rv e r l a b o r a t o r y  P r e s s  a t  80 C. S c a le s  w ere  m easured  
a lo n g  a  l i n e  f r o ) i  th e  fo c u s  t o  th e  d o r s a l  a n t e r i o r  s h o u ld e r  (F ig u re  1 ) ,  
and  ag es  w ere  d e te rm in e d  on an  iii o e r  use h  s c a l e  p r o j e c t o r  a t  80X,
cl
F ig u r e  1 .  S c a le  o f o n e -y e a r - o ld  s i l v e r  p e rc h  show ing l i n e  o f  
m easurem ent and  an n iilu s  ( I ) .
3

v a l id a t io n  of the annulus
Van O o sten  (1 9 ^9 ). and H lle  (19^-1) p ro p o se d  c r i t e r i a  f o r  a n n u lu s  
v a l i d a t i o n .  One a n n u lu s  s h o u ld  be  fo rm ed e ac h  y e a r .  S c a le  g ro w th  
s h o u ld  be  p r o p o r t i o n a l  t o  in c r e a s e  i n  f i s h  l e n g th .  A verage  o b se rv e d  
l e n g th  f o r  e ac h  ag e  g ro u p  sh o u ld  b e  b e tw een  th e  c a l c u l a t e d  l e n g th  f o r  
i t s  p r e s e n t  age  and  th e  c a l c u l a t e d  l e n g th  f o r  t h e  n e x t o ld e s t  age 
g ro u p . Mean c a l c u l a t e d  l e n g th s  o f  ag e  g ro u p s  s h o u ld  c o in c id e  w ith  
modes i n  th e  le n g th - f r e q u e n c y  d i s t r i b u t i o n .
S i l v e r  p e r c h  s c a le s  -a re  s l i g h t l y  a sy m m etr ic , t h e  d i s t a n c e  from  th e  
fo c u s  t o  t h e  d o r s a l  a n t e r i o r  s h o u ld e r  b e in g  lo n g e r  th a n  t h e  d i s t a n c e  t o  
t h e  o th e r  s h o u ld e r .  A n n u li a r e  c h a r a c t e r i z e d  by  crow d ing  o f  c i r c u i t  i n  
t h e  a n t e r i o r  p o r t i o n  o f  th e  s c a l e ,  and by c u t t i n g  o v e r  a t  t h e  s h o u ld e r s  
and  i n  th e  l a t e r a l  f i e l d s .  The a n n u l i  a r e  m ost e v id e n t  a t  th e  
s h o u ld e r s  and  i n  th e  l a t e r a l  f i e l d s  (F ig u re s  1 , 2 , and  3)«
The e x a c t  t im e  o f  an n u lu s  fo rm a tio n  c o u ld  n o t b e  d e te rm in e d . S c a le  
m easu rem en ts  fro m  one an d  tw o - y e a r - o ld  f i s h  c au g h t i n  Ju n e  and J u ly  
showed t h a t  t h e  d i s t a n c e  be tw een  th e  s c a le  m a rg in  and  th e  m ost r e c e n t  
a n n u lu s  was a  minimum. i n  Ju n e  (ko  ma f o r  I Ts and  31 mm f o r  I I ’s ) ,  and 
in c r e a s e d  b y  J u l y -(68 nan f o r  I ’s and 39 mm f o r  I I ’s ) .  The d i s t a n c e  
in c r e a s e d  t o  9 6 mm f o r  ag e  I  f i s h  i n  A u g u s t. No m easurem ents w ere 
ta k e n  from  age II. f i s h  i n  A ugust b e c a u se  so  few  w ere  c a u g h t.
E x a m in a tio n  o f  age  0 f i s h  (120 t o  130 mm) ta k e n  i n  S ep tem ber showed 
t h a t  no a n n u lu s  had b een  fo rm ed . T h is  s u g g e s ts  t h a t  o n ly  one r i n g  i s  
fo rm ed  each  y e a r .
t14..
F ig u r e  2 S c a le  o f  tw o -y e a r -o ld  s i l v e r  p e r c h ,  Roman n u m era ls  
i  n d i  c a t  e a n n u l i .
5

F ig u r e  3 S c a le  o f  th r e e - y e a r - o ld  s i l v e r  p e r c h .  Roman n u m era ls  
i n d i c a t e  a n n u l i .
6

7P lo t s  o f  raw  d a ta  showed a  l i n e a r  r e l a t i o n s 'h ip  b e tw een  body l e n g t h  
and  s c a l e  r a d iu s  (F ig u re  U ). An a n a ly s i s  o f  c o v a r ia n c e  found  no 
s i g n i f i c a n t  d i f f e r e n c e  b e tw een  s e x e s ,  so  t h e  d a ta  f o r  *+8l f i s h  w ere 
com bined . The r e g r e s s io n  e q u a t io n  was Y = 2 6 .9  + O.UX w here Y i s  t o t a l  
body 3_.ength and  X i s  t h e  s c a l e  r a d iu s  i n  mm a t  80X. The c o r r e l a t i o n  
c o e f f i c i e n t  ( r  = . 9 ) was s i g n i f i c a n t ,  i n d i c a t i n g  t h a t  s c a l e  g ro w th  i s  
p r o p o r t i o n a l  t o  i n c r e a s e  i n  f i s h  l e n g t h .
L en g th s  a t  a n n u lu s  fo rm a tio n  w ere b ach  c a l c u l a t e d  u s in g  th e  
fo rm u la , L = C + (s /S ) ( L - C ) ,  w here L i s  f i s h  l e n g th  when a n n u lu s  Tn* 
was fo rm ed ; L i s  f i s h  l e n g th  a t  c a p tu r e ;  Sn i s  th e  r a d iu s  o f  a n n u lu s  
*n? ; and  S i s  t h e  t o t a l  s c a le  r a d i u s .  C i s  t h e  a p p ro x im a te  l e n g th  o f  
t h e  f i s h  when s c a l e s  form  a s  d e te rm in e d  from  th e  r e g r e s s io n  o f  bo d y  
l e n g t h  on s c a l e  r a d i u s .  A l i n e a r  a n a ly s i s  o f  c o v a r ia n c e  showed t h a t  
o b s e rv e d  l e n g t h s . o f  m ales  and fe m a le s  a t  e ac h  age were  s i g n i f i c a n t ! y  
d i f f e r e n t .  T h is  t e s t  .was u se d  b e c a u se  th e  r e l a t i o n s h i p  betw een  age  and 
l e n g th  was l i n e a r  f o r  th e  t h r e e  age  g ro u p s  i n  t h i s  s tu d y . Mean back  
c a l c u l a t e d  and  o b se rv e d  le n g th s  f o r  e ach  se x  a r e  g iv e n  in - T a b le  1 .
The mean o b se rv e d  le n g th s  f o r  th e  age  g ro u p s  f a l l  b e tw een  th e  
a p p r o p r i a t e  c a l c u l a t e d  l e n g th s  p r e v io u s ly  m en tio n ed  (T ab le  I ) .  The 
modes o f  th e  l e n g th - f r e q u e n e y  d i s t r i b u t i o n  r e a s o n a b ly  c o in c id e  w ith  th e  
mean c a l c u l a t e d  le n g th s  ( F ig u r e  The modes i n d i c a t e  s m a l le r  f i s h
th a n  do mean c a l c u l a t e d  le n g th s  b e c a u se  f i s h  w ere o b ta in e d  th ro u g h o u t 
t h e  g ro w in g  s e a s o n . C a lc u la te d  l e n g th s  a r e  l e n g th s  a t  th e  end o f  th e  
g ro w in g  s e a s o n .
From th e  above e v id e n c e  i t  a p p e a rs  t h a t  th e  £ e a le  m ethod i s  v a lid , 
f o r  d e te r m in in g  th e  age  o f  s i l v e r  p e rc h .
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F ig u re  5 . Frequency d is t r ib u t io n  o f  observed len g th s  o f  a l l  f i s h  
examined (smoothed by moving averages o f 3 ) .  V e r t ic a l  
l i n e s  in d ic a te  mean c a lc u la te d  len g th s  fo r  variou s age 
groups fo r  each se x .
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GROWTH CHARACTERISTICS
D u rin g  th e  f i r s t  y e a r  b o th  se x e s  a t t a i n  more th a n  60’^  o f  t h e i r  
l e n g th  a t  ag e  I I I .  R a te  o f  g ro w th  I n  l e n g th  d e c r e a s e s  c o n s id e r a b ly  
a f t e r  t h e  f i r s t  y e a r ,  b u t  r a t e  o f  g ro w th  I n  -weight I n c r e a s e s  (F ig u re  
6 ) .  M onth ly  l e n g th  h is to g ra m s  a r e  p r e s e n te d  i n  F ig u re  7* The f i r s t  
p e a k  on th e  l e n g t h  h is to g ra m  f o r  O c to b e r i n d i c a t e s  t h a t •y o u n g - o f - th e - 
y e a r  grow t o  a  l e n g th  a p p ro x im a te ly  e q u a l  t o  th e  mean c a l c u l a t e d  
l e n g t h  f o r  age  I  f i s h  by  e a r l y  f a l l  (T ab le  l ) .
O nly age  g ro u p s  0 and  I  a r e  e a s i l y  d i s t i n g u i s h a b l e  (F ig u re  7)«
F is h  lUO t o  150 mm t o t a l  l e n g th  w ere  d om inan t i n  J u n e . The mean 
o b se rv e d  l e n g th  o f  12*+ -age I  f i s h  i n  Ju n e  was iMk mm. No d i s t i n c t  
mode r e p r e s e n t s  age  I I  f i s h  i n  J u n e . The mean l e n g th  o f  s i x  age  IT 
f i s h  i n  Ju n e  was l6o mm.
Y o u n g -o f - th e -y e a r  kb t o  9k  mm lo n g  a p p e a re d  i n  J u ly .  The p e a k  f o r  
age  I  in c r e a s e d  t o  155 t o  l6o mm, th e  a v e ra g e  l e n g t h  o f  1&2 f i s h  b e in g  
15*+ nun. The 21 age  I I  f i s h  o b ta in e d  i n  J u ly  had a  mean l e n g th  o f  177 
mm. T h e re  i s  s. s l i g h t  p e a k  on th e  g ra p h  a t  l 8 l  man, w h ich  may r e p r e s e n t  
a g e .I I  f i s h .
The few  f i s h  ta k e n  i n  A u g u st i l l u s t r a t e  c o n tin u e d  g ro w th  o f  young- 
fc> f-th e -y ea r. The p e a k  'r e p r e s e n t in g  age  g roup  I  in c r e a s e d  t o  162 t o  
163 mm. Modes f o r  o th e r  age g ro u p s  a r e  i n d i s t i n g u i s h a b l e  on -the 
h is to g ra m  a s  i n  J u ly .
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Length-w eight r e la t io n s h ip  fo r  s i l v e r  p erch . H orizon ta l 
l in e s  in d ic a te  len g th s  and w eig h ts  a t  variou s ages*
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L E N G T H  IN 3 m m  I NTER VALS
F igu re 7 . Monthly le n g th  histogram s fo r  s i l v e r  perch (smoothed by 
moving averages o f  3)*
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li*
The 0 age g roup  was do m in an t i n  S ep tem ber and  O c to b e r . More o ld e r  
f i s h  w ere  ta k e n  i n  O c to b e r th a n  i n  S ep tem b er.
Many more age I I  f i s h  a r e  s u g g e s te d  by F ig u r e  5 th a n  a p p e a r  In  
T a b le  1 .  T h is  o c c u rs  b e c a u se  t h e  mode In  F ig u r e  5 a c t u a l l y  c o n s i s t s  
o f  f i s h  w i th  one a n n u lu s  w h ich  h ave  grown t o  t h e i r  tw o - y e a r - o ld  l e n g th .  
S im i l a r ly ,  t h e  mode f o r  age I  r e p r e s e n t s  ag e  0 f i s h  w h ic h  h ave  grown t o  
t h e i r  o n e - y e a r - o ld  l e n g th .
LENGTH-WEIGHT RELATIONSHIP
P l o t s  o f  t h e  lo g s  o f  raw  d a t a  i n d i c a t e d  t h a t  t h e  r e g r e s s i o n  o f  
t o t a l  w e ig h t on t o t a l  l e n g th  was l i n e a r .  An a n a ly s i s  o f  c o v a r ia n c e  
showed no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  s e x e s ,  so  d a ta  from  6l J  f i s h  
w ere  p o o le d . The r e g r e s s io n  e q u a t io n  was Log W = -5*0  + 3 * 1  Log L 
w here  W I s  w e ig h t and L i s  t o t a l  l e n g th .  The c o r r e l a t i o n  c o e f f i c i e n t  
w as s i g n i f i c a n t  ( r  -  . 9 ) ( F ig u r e - 6 ) .
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DISCUSSION
O nly f o u r  ag e  g ro u p s  w e re  fo u n d  I n  t h i s  s tu d y .  By c o n t r a s t ,  
W elsh  and B re d e r  (1 9 2 k )  exam ined  a  s i x - y e a r - o l d  f i s h .  T hese  a u th o r s  
g ave  no I n d i c a t i o n  o f  t h e  number o f  f i s h  o ld e r  th a n  age I I  th e y  
exam ined . Why o ld e r  f i s h  w ere  n o t  fo u n d  i s  u n c le a r ,  b u t  t h e r e  a r e  
t h r e e  p o s s ib l e  e x p la n a t io n s  i f  sam p lin g  te c h n iq u e s  w ere  a d e q u a te :  
l )  F is h  o f  ag es  IV , V, and  V I may n o t  come i n t o  C hesapeake Bay, b u t  
re m a in  o f f s h o r e  d u r in g  th e  summer. 2 ) . They may le a v e  b e f o r e  Ju n e  i f  
th e y  come i n t o  t h e  Bay i n  th e  s p r in g .  T h is  seem s u n l i k e l y  s in c e  
e x a m in a tio n  o f  V i r g in i a  I n s t i t u t e  o f  M arine  S c ie n c e ’s t r a w l  d a ta  f o r  
p re v io u s  y e a r s  showed no i n d i c a t i o n s  o f  l a r g e r  f i s h  b e in g  c a u g h t 
b e f o r e  J u n e . 3 )  B a i r d i e l l a  c h r y s u r a  may be  a  sh o i’t  l i v e d  s p e c ie s  
w i th  a  h ig h  m o r t a l i t y ,  so  t h a t  few  f i s h  r e a c h  ag es  IV, V, and V I.
A n o th e r  unansw ered, q u e s t io n  i s  why th e  S ep tem ber and  O c to b e r 
c a tc h e s  w ere  d o m in a ted  by ag e  0 f i s h  and showed a  d e c r e a s e  i n  o ld e r  
f i s h .  Age 0 f i s h  in c r e a s e d  p ro b a b ly  b e c a u se  m ore o f  them  m ig ra te d  t o  
t h e  m ain  s tre a m , w here m ost o f  th e  t r a w l in g  was don e , a s  th e y  grew  
l a r g e r .  A n o th e r  e x p la n a t io n  I s  t h a t  p e rh a p s  m ore w ere  r e t a i n e d  by 
th e  t r a w l  b e c a u se  o f  t h e i r  la .rg e r  s i z e .  O ld e r  f i s h  may have begun 
l e a v in g  th e  e s t u a r i e s  by  S ep tem b er, c a u s in g  th e  d e c r e a s e  i n  t h e i r  
num ber.
Y e a r ly  g ro w th  in c re m e n ts  fro m  t h i s  s tu d y  a g re e  w i th  le n g th s  
g iv e n  by W elsh and B re d e r (192U) who fo und  t h a t  s i l v e r  p e rc h  a r e
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60 t o  1^0  mm by th e  f i r s t  w in te r  and 120 t o  200 mm b y  th e  second  
w in t e r .  H ild e b ra n d  and C able  (1930) g iv e  mean le n g th s  o f  3 1 .9  ran 
i n  J u l y  and 8 l  mm i n  S ep tem b er f o r  y o u n g - o f - th e - y e a r  s i l v e r  p e rc h .  
T hese  le n g th s  a r e  c o n s i s t e n t l y  s m a l le r  th a n  th e  d a ta  g iv e n  i n  
F ig u r e  7 .
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